ON THE SEROLOGICAL SPECIFICITY OF PEPTIDES by Landsteiner, K. & van der Scheer, J.
ON  THE  SEROLOGICAL  SPECIFICITY  OF  PEPTIDES 
BY K. LANDSTEINER, M.D.,  AND J.  v~  D~.~ SCHEER 
(From the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, January 22, 1932) 
With  the  hope  of obtaining  some information on  the  precipifin 
reactions of proteins, experiments have been carried out on the sero- 
logical properties of antigens whose specificity is determined by the 
presence  of  known peptides  in  the  molecule.  The  preparation  of 
such compounds was attained by the method of combining the sub- 
stances to be investigated with antigenic protein.  Immune sera for 
these complex antigens were obtained in the usual way.  As a  first 
step in the direction indicated, four dipeptides were selected, namely 
glycyl-glycine, and the inactive forms of glycyl-leucine, leucyl-glycine 
and leucyl-leucine.  From these substances, para-nitrobenzoyl deriva- 
tives were prepared  by treating  them  with  para-nitrobenzoyl-chlo- 
ride.  The  nitrobenzoyl-peptides  were  reduced,  the  resulting  sub- 
stances being p-aminobenzoyl-glycyl-glycine, -glycyl-leucine, -leucyl- 
glycine and -leucyl-leucine, as represented by the following formulae: 
p-Aminobenzoyl-glycyl-glycine: NH~--C~H4--CO--NH--  CH2--CO---NH--CHr-COOH 
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p-Aminobenzoyl-glycyl4eucine:  NH~--CsH4--CO--NH--CH2--CO--NH~CH--COOH 
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\/ 
CH 
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1 
p-Aminobenzoyl-leucyl-glycine: NH2--C6H4--CO--NH--CH--CO---NH-  CH~--COOH 
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p-.~  m~nobenzoyl-leucyl-leucine: NH,--C6H4--CO--NH--CH--CO--NI-I--CH--  COOH 
The amino compounds were diazotized and coupled to protein. 
For  the  sake  of  brevity  the  aminobenzoyl-peptides  will  be  desig- 
nated  as G.G.,  G.L., L.G.  and L.L.  and corresponding abbreviations 
will be used for the antigens and immune  sera. 
EXPERIMENTAL 
Para-Nitrobenzoyl-Glycyl-Glycine.--lO  grn. of glycine-anhydride were dissolved 
in 100 cc. of N/1 sodium hydroxide by shaking in a bottle at room temperature. 
After 20 minutes, when the conversion to glycyl-glycine (1)  was completed, the 
solution was cooled to 10°C. and during the period of ½  hour a total of 18.8 gin. of 
finely ground para-nitrobenzoyl-chloride and 130 cc. of N/1 sodium hydroxide were 
added alternately in five equal portions, shaking well and keeping the temperature 
around 10°C.  The filtered alkaline solution, upon addition of an excess of hydro- 
chloric acid gave a  crystalline precipitate which was filtered after being kept at 
0-5  ° for 1 hour.  The precipitate was washed with cold water, dried and extracted 
three times with ether to remove any nitrobenzoic acid present (yield 19 gm.).  The 
substance was recrystallized from 40 parts of boiling water, from which it crystal- 
lized on cooling as long, narrow, microscopic platelets of light yellow color.  Melt- 
ing point:  217-218°C.  (with darkening), after two more recrystallizations from 
water.  Titration: 0.298 gin. of substance dried at 100  ° in  vacuo, dissolved in 80 
per  cent  alcohol,  required  for  neutralization  (phenolphthalein)  10.6  cc.  N/10 
NaOH.  Formula CnHnOsN3 requires 10.6 cc. 
Para-Aminobenzoyl-Glycyl-Glycine.--lO  gin. of para-nitrobenzoyl-glycyl-glycine 
were dissolved in a small volume of water by addition of a slight excess of ammonia, 
and this solution was added to a hot solution of 65 gin. of ferrous sulfate (7 aq.) in 
150 cc. of water.  54 cc. of 28 per cent ammonia solution were added in five portions 
over a period of 10 minutes, shaking the flask well on each addition.  After ½  hour 
heating on the steam bath, the ferric hydroxide was filtered off, and the solution 
was evaporated in vacuo to a  volume of 75 cc.  To this, 500 cc. of alcohol were 
added, and the salt which separated out was removed by filtration.  The alcohol 
was removed by evaporation in vacuo at 40  °.  To the residue, dissolved in a small 
volume of water, just enough hydrochloric acid was added to give a  maximum 
precipitation of the amino acid (yield 6 gin.).  The substance was recrystallized 
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platelets.  The  substance  turned  dark  above  220°C.  and  decomposed without 
melting. 
Kjeldahl  determination  after  drying  at  100  °  in  vacuo  over  sulfuric  acid: 
CnH~O4N3  calculated N  16.73 per cent, found N  16.49 per cent. 
Para-Nitrobenzoyl-Glycyl-d,l-Leucine.--lO  gin.  of  glycyl-d,l-leucine  (2)  were 
dissolved in 300 cc. of water containing 30 gm. of sodium bicarbonate.  A  total 
of 15  gin.  of finely ground para-nitrobenzoylchloride  was  added  in five equal 
portions over a  period of 1½ hours with vigorous shaking at room temperature. 
The solution was filtered and acidified with an excess of hydrochloric acid.  The 
sticky precipitate soon crystallized and the crystals were filtered off and washed 
with water.  After drying, the substance was extracted several times with ether 
(yield 15 gin.), and recrystallized by dissolving in five parts of hot alcohol and 
diluting the solution with four times its volume of hot water.  Upon cooling, the 
substance crystallized in long, narrow, microscopic platelets of pale yellow color. 
The melting point was 179-180°C. and did not change after two more recrystalliza- 
tions  from dilute  alcohol.  Titration:  0.337  gm.  of substance  dried  at  100  °  in 
vacua,  dissolved in 80 per cent alcohol, required for neutralization  10.05 ce. ~r/10 
NaOH.  Formula C15H1906N3 requires 9.99 cc. 
Parc~-Aminobenzoyl-Glycyl-d,l-Leucine.--lO  gin.  of  para-nitrobenzoyl-glycyl- 
d, l-leucine were reduced with  54  gra.  of ferrous  sulfate  (7  aq.)  and  46 cc.  of 
ammonia solution by the method described for para-aminobenzoyl-glycyl-glycine. 
As in the latter case, after removal of ammonium sulfate and alcohol, the amino- 
benzoyl-glycyl-d,/-leucine was  obtained  from a  concentrated  aqueous  solution 
of the ammonium salt by addition of the appropriate amount of hydrochloric acid 
(yield 8.5  gin.).  The substance was recrystallized by dissolving in 20 parts of 
boiling water,  removing a  trace of oily material  by filtration and allowing the 
filtrate  to  cool slowly.  It separated  out  in  long,  white,  microscopic platelets. 
Melting point:  83-86°C. 
Kjeldahl  determination  after  drying  at  60  °  in  vacuo  over  sulfuric  acid: 
Clr~l-IzlO4Ns calculated N  13.68 per cent, found N  13.37 per cent. 
Para-Nitrobenzoyl-d,  l-Leucy~-Glycine.--lO  gin.  of d, l-leucyl-glycine  (3)  were 
treated with para-nitrobermoylchloride as described for the preparation of para- 
nitrobenzoyl-glycyl-d, l-leucine.  After filtration,  the solution was acidified with 
hydrochloric acid.  A  sticky precipitate  formed which  soon  crystallized.  The 
substance was filtered off, washed with water, dried and extracted several times 
with ether (yield 13 gin.).  It was recrystallized by dissolving in six parts of hot 
alcohol,  and  diluting  the  filtered  alcoholic solution with  2½ volumes of boiling 
water.  Upon cooling the substance crystallized in pale yellow, thin microscopic 
needles.  The melting point was 205-206°C. and did not change after two more 
recrystaUizations from dilute alcohol.  Titration:  0.337 gin. of substance,  dried 
at  100°C.  in vacuo,  dissolved in 80 per cent alcohol, required  for neutralization 
9.90 cc. of N/10 NaOH.  Formula C1~-I1906Na requires 9.99 cc. 
Para-Aminobenzoyl-d, l-Leucyl-Glycine.--lO gin. of para-nitrobenzoyl-d, l-leucyl- 
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solution as described before.  After removal of the  ammonium sulfate with al- 
cohol, the  alcoholic solution  was  concentrated  in vac~o to a  volume of 15  cc. 
To this solution 25 cc. of methyl alcohol were added and then 200 cc. of ether. 
Upon standing in the ice box, large, needle-like crystals of pale yellow color formed 
which consisted mainly of the ammonium salt of the amino acid.  No free amino 
acid separated out from an aqueous solution of this substance when hydrochloric 
acid was added, and a few attempts to obtain the free amino acids were unsuccess- 
ful.  The substance lost ammonia  on drying in va~uo at 50  ° over sulfuric acid. 
A  sample thus dried to constant weight was found still to contain 1.26  per cent 
of nitrogen in the form of ammonia, 
Kjeldahl determination:  C~I210~s  calculated N  13.68 per cent, found (after 
subtraction of NHa nitrogen) N  13.51  per cent.  Melting point:  123-125°C. 
Para-Nitrobemoyl-d, l-Leucyl-d,  l-Leucine A.--IO gin. of d, l-leucyl-d, /-leucine A t 
consisting of a  racemic mixture of d-leucyl-l-leucine and/-leucyl-d-leucine were 
dissolved at room temperature in 300 co. of water containing 30 gin. of sodium 
bicarbonate, by vigorous shaking.  Mter cooling to 0-5  °,  100  co. of chloroform 
were added and a total of 23 gin. of finely ground para-nitrobenzoylchloride was 
added in five portions at 20 minute intervals.  Shaking was continued, keeping 
the temperature around 5°C. for ½ hour after the last addition of nitrobenzoyl- 
chloride when no more carbon dioxide was liberated.  After addition of 300 co. 
of ether and acidification with hydrochloric acid, the insoluble material was filtered 
and  dried.  The  dry material was  extracted several times with ether.  It was 
dissolved in 150 cc. of boiling alcohol, and 150 co. of hot water were added.  After 
cooling to room temperature crystallization took place.  The greater part of the 
material was dissolved  by the addition  of enough N/1 sodium hydroxide to make the 
solution weakly alkaline to litmus.  A  small part of undissolved substance was 
removed by filtration, and the filtrate was made acid to  Congo by addition of 
hydrochloric acid.  The precipitate was filtered off and dried (yield 9 to 10gm.). 
The substance was recrystallized by dissolving in 150 co. hot alcohol and diluting 
this  solution with  an  equal  volume  of hot  water.  Upon  cooling, microscopic 
needles and  square  crystals separated out.  An investigation showed  that  the 
appearance of the two forms of crystals depends upon the conditions under which 
the crystallization takes place.  A recrystallization from 60 per cent alcohol pro- 
duced almost exclusively square crystals, whereas upon slow crystallization from a 
more dilute solution in 50 per cent alcohol long fine needles were formed, almost 
exclusively, which, however, upon longer standing in the mother liquid at room 
temperature changed completely into the other form.  Melting point:  209-210°C. 
after two further recrystallizations from 50 per cent alcohol.  Titration: 0.1965 
gm., dried at 100°C. in vacuo, dissolved in 80 per cent alcohol, required for neutral- 
ization, 4.95 co. N/10 NaOH.  Formula C10 H27061kT~ requires 5 cc. 
Para-Amlnobenzoyl-d, 1-Leucyl-d, l-Leucine  A.--10  gin.  of  para-nitrobenzoyl- 
d,/-leucyl-d,/-leucine  A were dissolved in a small volume of hot water with the aid 
a Prepared by Dr. Marker according to the method of E.  Fischer (4, 5). I~.  LANDSTEINER  AND  J.  VAN"  DEll  SCHEER  785 
of a slight excess of ammonia and reduced with 46.5 gm. of ferrous sulfate and 38.7 
cc. of  ammonia solution as described before.  After removal  of the ammonium sulfate, 
the alcohol was distilled off in vacuo and the volume brought to 100 cc. with water. 
21  cc.  of ~/1  hydrochloric acid were added and  the crystalline precipitate was 
filtered off.  This  contained  some  acid-insoluble material and  was  purified by 
dissolving  in 200 ce. of water by addition of a slight excess of alkali, reprecipitation 
with hydrochloric acid, addition of an excess of acid, filtration and reprecipitation 
of the amino acid by the required amount of alkali (yield 4 gin.).  The substance 
was recrystallized by dissolving in 320 cc. of boiling 25 per cent alcohol, from which 
it separated on cooling as an oil which, upon vigorous stirring, crystallized in white 
rosettes of microscopic platelets.  The substance shriveled at 122°C.  and melted 
at 122-125°C. 
Kjeldahl  determination  after  drying  at  80  °  in  vacuo  over  sulfuric  acid: 
C19H~90~N8 calculated N  11.57 per cent, found N  11.09 per cent. 
Para-A minobenzoyl-Glycine.--10  gm. of para-uitrobenzoyl-glycine  (melting point: 
129-130°C.)  (6) were reduced as described before with 72 gin. of ferrous sulfate 
and 60 cc. of ammonia solution.  After removal of ammonium sulfate and alcohol, 
the concentrated aqueous solution was made weakly acid to Congo by addition 
of hydrochloric acid.  After cooling to 0-5°C. the' precipitate was filtered off and 
dried (yield 7 gm.).  It contained a very small amount of acid-insoluble material 
and was purified by dissolving in 50 cc. of water and 25  cc. of N/1 hydrochloric 
acid and addition of 25 cc. of N/1 NaOH to the filtered liquid.  After standing in 
the ice box overnight, the precipitate was filtered off and recrystallized  from a small 
quantity of hot water.  It separated out on cooling in long, white, microscopic 
platelets.  Melting point: 198-199°C. 
Kjeldahl determination  after  drying  at  100°C.  in  vacuo over  sulfuric  acid: 
C~H100~N~ calculated N  14.43 per cent, found N  14.04 per cent. 
Para-Nitrobenzoyl-d,l-Leucine.--lO  gm.  of  d,l-leucine  were  dissolved  in  200 
cc. water and 76.5  cc.  of N/1  sodium hydroxide; 38 gin. of sodium bicarbonate 
were added.  The solut,  ion was stirred vigorously and  21  gin.  of finely ground 
para-nitrobenzoylchloride were added in small portions over a period of 1½ hours 
at room temperature.  The purple colored solution was filtered and made acid to 
Congo with hydrochloric acid.  The precipitate was dried, ground and extracted 
three times with 200 cc. of ether (yield 14 gm.).  It was recrystallized by dissolv- 
ing in five parts of hot alcohol and diluting the alcoholic solution with an equal 
volume  of hot  water.  After cooling to  room  temperature  hexagonal  crystals 
separated.  Melting point:  229-230°C.,  after  two  more  recrystallizations from 
50 per cent alcohol.  Titration: 0.280 gin. of substance dried at 100°C.  in vacuo, 
dissolved in 80 per cent alcohol, required for neutralization 10.1 cc. ~/10 NaOH. 
Formula C13H1606N~ requires 9.99 cc. 
Para-Amlnobenzoyl-d,l-Leucine.--lO gin.  of para-nitrobenzoyl-d,/-leucine were 
reduced with 65 gin. of ferrous sulfate and 54 cc. of ammonia solution by the usual 
method.  The product obtained was freed from some  acid-insoluble material as 
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substance  formed white microscopic rosettes  of needles.  Melting  point:  182- 
183°C. 
Kjeldahl determination after drying at  100  °  in ~acuo: C13HlsO3N2 calculated 
N  11.2 per cent, found N  11.25 per cent. 
Chloroa~etyl-Glycine.--The  substance  was  prepared  by  a  method  similar to 
that used by Abderhalden and Hirsch for iodoacetyl-glydne (7).  15 gin. of gly- 
cine were dissolved in 200 cc. of ~/1 NaOH.  The solution was cooled in a freezing 
mixture and a total of 22.6 gm. of chloroacetylchloride and 200 cc. of N/1 NaOH 
were added alternately in five portions, shaking vigorously.  The solution was 
acidified with 40 cc. 5 N HC1 and evaporated to dryness in vacuo at 30°C., and the 
residue extracted with about 200 cc. of ethyl acetate.  The ethyl acetate solution 
was evaporated on the water bath and kept in a vacuum desiccator.  A semisolid 
crystalline mass formed from which the crystals were separated by filtration on a 
Buchner funnel.  The substance was redissolved in a small quantity of hot ethyl 
acetate and freed from some insoluble material by centrifugalization.  Crystalli- 
zation took place on standing in the ice box overnight.  The crystals (platelets) 
were  filtered off and  dried in vacuo  (yield 12  gm.).  Melting point: 92-93°C., 
after one more recrystallization from ethyl acetate. 
Analysis: 0.1162 gm. of substance dried in vacuo at 80°C. gave 0.1093  gm. AgC1. 
C4I-~OsNCI calculated C1 23.40 per cent, found C1 23.27  per cent. 
d, l-Leucyl-d,l-a-A mino-n-Butyric A cid.--lO.3 gm. of d,/-a-amino-n-butyric  acid 
were dissolved in 50 cc. 2 1~t NaOH.  The solution was cooled to 0 °.  A  total of 
25.5  gin. of d, l-a-bromoisocaproylchloride and  82.5 cc. of 2 m NaOH were added 
in five equal portions alternately over a period of 1 hour, keeping the temperature 
at about 5°C.  and shaking vigorously.  33.7  cc. of 5 1~ HC1 were added.  The 
sticky precipitate soon crystallized.  It was dissolved in 200 cc. of ether and 4 
volumes of petrol ether were added.  The precipitate, d, l-a-bromisocaproyl-d,  l-a- 
amino-n-butyric acid, was filtered off and dried (yield 16.2 gin.).  To convert this 
substance into d, l-leucyl-d,/-a-amino-n-butyric acid, 14 gin. were kept in a  well 
stoppered bottle with 140 cc. 25 per cent ammonia solution for 4 days at room tem- 
perature, shaking frequently until the solid material was dissolved.  An equal vol- 
ume of water was added and the solution was evaporated to dryness in vacuo  at 
60°C.  Water was again added and the evaporation repeated.  The dry residue was 
extracted three times with  150  cc.  hot absolute alcohol to  remove ammonium 
bromide.  The remaining 7 gin. of substance were dissolved in 300 cc. of hot 70 
per cent alcohol by the addition of ammonia.  Ammonia was driven off by boiling 
and d, l-leucyl-d,/-a-amino-n-butyric  acid separated out from the hot solution in 
rhombic microscopic platelets.  Melting point:  245-246°C. 
Kjeldahl  determination  after  drying  at  100 °  in  vacuo  over  sulfuric  acid: 
C10H2003N2 calculated N  12.96 per cent, found N  12.74 per cent. 
Para-Nitrobenzoyl-d, l-Leucyl-d, 1-a-Amino-n-Butyric  Acld.--2  gm.  of  finely 
ground  d,/-leucyl-d,/-a-amino-n-butyric acid were  suspended  in  60  cc.  water 
containing 6 grn. of sodium bicarbonate.  The liquid was cooled to 15°C.  20 cc. 
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in three portions over a period of 1 hour.  The mixture was shaken continuously, 
keeping the temperature below 15°C.  ½  hour after the last addition  of nitrobenzoyl- 
chloride, 100 cc. of ether were added, and the solution was acidified with hydro- 
chloric acid.  The precipitate was filtered off,  dried and extracted several times 
with ether (yield 1.5 gin.).  The substance was dissolved in 25 cc. of hot alcohol, 
some insoluble material was removed by filtration and two volumes of hot water 
were  added  to  the  alcoholic  solution.  Long,  needle-like,  microscopic prisms 
separated  on  cooling.  Melting  point: 220-221°C.  Titration: 0.181  gin.  of 
substance, dried in vacuo at  100 °, dissolved in 80 per cent alcohol, required for 
neutralization 4.90 cc. N/10 NaOH.  Formula C17H~sOrNs requires 4.96 cc. 
d, l-a-Amino-n-B~yryl-d,  l-Le~ine.--13.1  gin. of d,/-leucine were dissolved in 
50 cc. of 2 •  NaOH  and the solution was cooled to 0 °.  A  total of 20.4 gin. of 
d, l-a-bromo-n-butyrylchloride  and 76 cc. of 2 N NaOH were added alternately in 
five equal portions over a period of 1 hour, and the liquid was shaken well, keeping 
the temperature at about 5°C.  The sticky precipitate, formed upon addition of 
30.7 cc. 5 N HC1, soon crystallized.  It was filtered off, dissolved in 15 cc. of ether 
and four times the volume of petrol ether was added.  The substance  (d, l-a- 
brom-n-butyryl-d, l-leucine) separated out in the form of silky needles (yield 16 
gm.). 
To convert this substance into the amino compound,  14 gm. were allowed to 
stand in a well stoppered bottle with 140 cc. of 25 per cent ammonia solution for 
4 days at room temperature.  The isolation of the substance was made as in the 
case of the d, l-leucyl-d,/-a-amino-n-butyric acid.  6  gin.  of the substance were 
obtained.  It was recrystalUzed by dissolving in 100 cc. of alcohol and addition of 
a  quantity of water  sufficient to bring about slight precipitation.  The  solution 
was then allowed to cool overnight in the ice box.  The substance separated in 
whetstone-shaped crystals (yield 4 gm.).  Melting point:  241-242°C. 
Kjeldahl  determination  after  drying  at  100  °  in  vacuo  over  sulfuric  acid: 
C10H~00,N2 calculated N  12.96 per cent, found N  12.60 per cent. 
Para-Nitrobenzofl-d, l-a-Amino-n-Butyryl-d,  l-Leucine.--2 gm. of d,/-a-amino- 
n-butyryl-d,/-leucine were dissolved in 60 cc. of water containing 6 gin. of sodium 
bicarbonate.  4.1  gm. of finely ground para-nitrobenzoylchloride were added in 
three portions at intervals of 30 minutes, the mixture being shaken vigorously. 
The soliltion, after filtration, was made acid to Congo by the aid of hydrochloric 
acid, and the precipitate was filtered, dried and extracted several times with ether 
(yield 2.5 gm.).  The substance was dissolved in 25  cc. of  hot  alcohol, and an 
equal volume of hot water was added.  Long, thin, needle-like prisms separated 
on  cooling  (yield 2.3 gin.).  Melting point:  182-184°C.  Titration: 0.1856 gin. 
of substance, dried in vacuo at 100  °, dissolved in 80 per cent alcohol, required for 
neutralization 5.15 cc. N/10 NaOH.  Formula C17H23OsNs requires 5.08 cc. 
Preparaion  of the Antigens for Immunizaion.--As  a  representative example, 
the method used for  coupling  para-aminobenzoyl-glycyl-glycine  to protein will 
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taking quantities proportional to their molecular weights.  4.8 gm. of para-amino- 
benzoyl-glycyl-glycine  were dissolved in 300 cc. of water and 50 cc. of ~1/1 HC1, 
and diazotized with the required amount of sodium nitrite at a  temperature  of 
0-5°C. using starch iodide paper as indicator.  The diazo solution was brought to 
a volume of 720 cc. with ice water.  480 cc. of this solution were added to a cold 
mixture of 300 cc. of horse serum and 60 cc. normal sodium carbonate and the 
mixture, cooled with ice, was kept weakly alkaline to phenolphthalein by frequent 
addition of small quantities  of sodium  carbonate solution.  The  coupling pro- 
ceeded fairly rapidly (tested with alkaline R  salt solution for the presence of free 
diazo compound) and no more free diazo compound was present after 20 minutes. 
The remaining 240  cc. of diazo solution and 30 cc. of normal sodium carbonate 
were added (further addition of sodium carbonate as above).  The coupling was 
complete after 20 minutes.  The azoprotein was precipitated from the solution 
by weakly acidifying with hydrochloric acid and after filtration was redissolved in 
500 cc. of water by the addition of a small quantity of sodium carbonate solution. 
It was precipitated from this solution with 6 volumes of alcohol, adding, if necess- 
ary, enough dilute hydrochloric acid to obtain coarse flocculation.  The precipi- 
tated azoprotein was washed with saline, ground in a mortar to a  thin paste and 
brought to a  volume of 570  cc. with saline.  As a  preservative, 30 cc. of a  5 per 
cent phenol solution were added. 
Immunization.--Four batches of five rabbits each were taken for the immuniza- 
tions with the four antigens.  Each rabbit received at weekly intervals an intra- 
peritoneal injection of 10 to 15 cc. of the antigen.  Two active sera were obtained 
in each batch of animals. 
Antigens for the Test.--The azoproteins for the test solutions were prepared in 
the same way as those used for the immunization but with  twice the amount of 
diazotized substance; e.g., in the case of para-aminobenzoyi-glycyl-glycine,  0.32 
gm. was diazotized and coupled with 10 cc. of serum.  (The treatment with alco- 
hol was omitted.)  In this manner test antigens were prepared from chicken serum, 
ox serum and horse serum.  The dilutions given in the tables are in terms of a 
5 per cent stock solution.  The intensity of the reactions is indicated as follows: 
0, f.tr. (faint trace), tr. (trace), +,  :t-, +,  +±,  etc. 
Precipitin  Tests 
The  specificity of  the  immune  sera  was  tested with  the  antigens 
prepared  from  chicken  serum.  The  results  obtained  are  shown  in 
Table  I.  The  other  immune  sera  not  recorded  in  the  table  gave 
practically identical results. 
From  the table it appears that  the reactions of  the G.G.,  G.L.  and 
L.G.  immune  sera were  specific  for  the  homologous  antigens.  Also 
the L.L.  immune  serum gave  the  strongest  reaction with  the  corre- K.  LANDSTEINI~.R  AND  J.  VAN  DER  SCt~EER  789 
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sponding  antigen,  but  in  addition  a  distinct  precipitation  with  the 
G.L.  antigen  also  containing  leucine  as  the  terminal  amino  acid. 
When the tests were set up with larger quantifies of immune  serum, 
similar cross-reactions occurred with the G.L. and L.G. immune  sera 
(Table II); the greater influence of the terminal  group on the speci- 
ficity is also shown in tests with antigens made with ox serum (Table 
III).  This effect was noticeable but not as marked in tests with an- 
TABLE  II 
To 0.2 ce. of the 1:500 diluted antigens  (prepared with chicken serum) were 
added 5 drops of immune serum. 
Immune 
sera 
G.G. 
G.L. 
L.G. 
L.L. 
Readings  taken sfter 
1 hr. at room temperature 
2 hrs. at room temperature 
Night in ice box 
1 hr. at room temperature 
2 hrs. at room temperature 
Night in ice box 
1 hr. at room temperature 
2 hrs. at room temperature 
Night in ice box 
1 hr. at room temperature 
2 hrs. at room temperature 
Night in ice box 
Antigens 
+ 
0 
0 
0 
.tI 
+ 
+ 
0 
0 
0 
G,  L, 
0 
0 
0 
++ 
++± 
+++÷ 
o 
o 
o 
4- 
+ 
++ 
L.G. 
o 
o 
tr. 
o 
o 
o 
++ 
+++ 
++++ 
0 
0 
0 
L.L. 
0 
0 
0 
f.tr. 
tr. 
+ 
+ 
++ 
+++ 
tigens prepared from horse serum, obviously because of the prevailing 
influence on  the  reactions  of the protein  part  of the  antigen. 
It  is  striking  that  the  ox  antigens  reacted  more  intensely  with 
the "heterologous" sera than  the  chicken  antigen.  Evidently,  the 
heterologous  reactions  of  the  ox antigen  are  caused by a  decrease 
in species specificity following the combination with azo compounds, 
which brings out the relationship  between ox protein  and  the horse 
protein  used  for  immunization,  whereas  there  were  no  reactions 
with the avian  azoproteins which do not contain  the same terminal 
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Apart from  the reactions described which show a definite regularity, the follow- 
ing minor observations may be recorded: In high concentrations (1:20) of the 
chicken antigens, weak non-specific reactions occurred with the L. L. antigen 
(see (8)). 
When small amounts of immune serum were used (1  drop of immune serum 
+  0.4 cc. 1  : 100 or 1  :  500 chicken  antigen, weak or faint reactions appeared slowly 
and with some sera did not show marked specificity. 
The immune sera were also tested with azoproteins prepared from  para-amino- 
benzoyl-glycine  and para-aminobenzoyl-d,  l-leucine by coupling to chicken serum. 
Distinct precipitations were obtained by action of the G.G. and L.G. immune 
sera on the p-aminobenzoyl-glycine  antigen, but  the  same antigen gave weak 
reactions also with the G. L. and L. L. immune sera.  These  phenomena  were  not 
investigated further and do not at present permit of a simple explanation. 
Inhibition Tests 
The specificity displayed by the inhibition  tests with the  amino- 
benzoyl- and nitrobenzoyl-dipeptides parallels that of the precipitin 
reactions (Tables IV, V, VI).  Of the non-acylated peptides tested, 
namely glycyl-glycine, d,/deucyl-glycine and glycyl-d, l-leucine, only 
the  last  substance  showed  a  distinct  inhibiting action on the pre- 
cipitin  reactions;  viz.,  those  of  the  G.L.  and  L.L.  immune  sera. 
Chloroacetyl-glycine  had a greater inhibitory effect than glycyl-glycine 
on  the  reactions of  the  G.G.  immune serum,  and  similarly chloro- 
acetyl-leucine inhibited the action of the G.L. and L.L. immune sera 
more than glycyl-leucine.  The action of para-aminobenzoyl-glycine 
and para-aminobenzoyl-d,/-leucine is  similar to  that of  the  chloro- 
acetyl compounds.  In general, leucine in the terminal position seems 
to have more significance than glycine, perhaps on account of the larger 
size of this amino acid.  d,/-~-Bromoisocaproyl-glycine inhibited the 
reactions of all four immune  sera, most markedly  that of the  L.G. 
serum. 
DISCUSSION 
The four peptide-azoproteins examined proved to be readily dis- 
tinguishable by precipitin tests, each serum giving the strongest reac- 
tion with the homologous antigen; only in the case of the L.L. immune 
serum there was little difference between the reactions on the L.L. and 
G.L. antigens.  It can be concluded, therefore, that the nature of both 
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determines the specificity, the length  of  the  chain  being  the  same 
in all four compounds.  Consequently, the amino acids may be looked 
TABLE  IV 
In this and in the following tables, 0.2 cc. of the chicken antigen (diluted 1 : 500) 
was mixed with 0.05 cc. of a  neutral solution of the substances indicated (concen- 
tration I  miUimol in 10 cc. in the tests in Tables IV and VI).  To this 2 capillary 
drops of the homologous immune sera  (3 drops of the L. L. immune serum)  were 
added.  The control tube contained only antigen and immune serum.  The tests 
were allowed to stand  at room temperature  and afterwards  overnight in the ice 
box. 
Immune  Readings 
sera  taken after 
15 rain. 
1 hr. 
G.G.  3 hrs. 
Night  in 
ice box 
15 rain. 
1 hr. 
G.L.  3 hrs. 
Night  in 
ice box 
15 rain. 
1 hr. 
L.G.  3 hrs. 
Night  in 
ice box 
15 rain. 
1 hr. 
L.L.  3 hrs. 
Night  in 
ice box 
Substances used for the inhibition tests* 
•  o  ..4  ~  o  o  . 
0  0  0  f.tr.  4-  ±  -4-  0  tr.  ± 
0  -4-  0  J-  +  +±  +  tr.  +  + 
0  ±  f.tr.  +  +4-  +±  +±  4-  +4-  + 
0  +±  ±  +±  +++  ++  ++  +±  ++~-  ++ 
tr.  0  f.tr.  0  ~-  f.tr.  ±  tr.  0  tr. 
=t.  0  ±  0  +  tr_:  +  :t-  0  ~- 
0  ±  0  +4-  ±  +±  +±  0  +± 
0  +  tr--  +4-  +  +±  ++  tr.  ++ 
0 
!.tr. 
4- 
+~ 
0 
i.tr. 
-4- 
+~ 
0  0  0  +  +  4-  4-  -4-  + 
:t-  0  f.tr.  +-4-  +±  -t-  ±  ~  + 
+4-  0  ±  ++±  ++  +±  ++  ++  ++ 
++  0  +±  ++±++±  ++++±++±+++ 
0  0  0  ±  0  tr.  0  0  0 
0  0  0  +±  0  +  ±  0  ± 
0  f.tr.  0  ++  tr.  ++  +  0  + 
0  +  0  +++  +±  ++  ++  tr.  ++ 
* The d, l-leucyl-d,/-leucine  preparation  could not be used for the test on ac- 
count of its sparing solubility in neutral  solution. 794  SEROLOGICAL  SPECIFICITY  OF PEPTIDES 
TABLE  V 
In these tests a  smaller amount of the substances was used, namely 0.05  cc. 
of a neutral solution containing 0.25 milllmol in 10 cc. 
Readings 
taken after 
1hr. 
2 hrs. 
3 hrs. 
Night  in 
ice box 
Immune 
serum 
G.G. 
Substances 
-I 
o  d- 
o  +  +4- 
o  +  ++ 
o  ++  ++ 
Immune 
serunl 
G.L. 
Substances 
0  0 
0  tr. 
0  ± 
0  ± 
Immune 
serum 
,i 
+4-  L.L. 
+± 
+± 
++ 
Substances 
far.  0 
far.  0 
f.tr.  0 
tr.  0 
+ 
+ 
+± 
++ 
TABLE  VI 
Substances used for the inhibition tests 
Immune  Readings taken after  sera 
lhr. 
G.G.  3hrs. 
Night in ice box 
1 hr. 
G.L.  3 hrs. 
Night in ice box 
1 hr. 
L.G.  3 hrs. 
Night in ice box 
1~ hrs. 
L.L.*  3 hrs. 
Night in ice box 
p-Nitro- 
glydne 
+ 
++ 
far. 
A- 
++ 
+± 
++ 
++± 
[ p-Nitro- 
p-Nitro- i benzoyl- 
benzoyl- i  d, l- 
glycyl'd' i leucyl- 
l-leucine  glycine 
+  '  tr__ 
+±  !  + 
++  +± 
o  !± 
0  ;  + 
0  I  +± 
+  !  o 
+±  0 
++±  0 
tr.  + 
±  I+± 
+±!++ 
bP-Nitro-  enzoyl- 
d, l- 
leucyl-d, 
l-leucine 
+ 
++ 
++ 
0 
0 
tr. 
tr. 
++ 
~e-Nitro- 
nzoyl- 
d, l- 
leucyl4, 
l-a- 
amino- 
butyric 
acid 
+ 
+± 
++ 
0 
tr_= 
+ 
tr. 
± 
++ 
-4- 
~-Nitru- 
benzoyl- 
d, l-a- 
amino- 
butyryl- 
d,L- 
leucine 
+ 
+ 
++ 
0 
0 
tr. 
± 
++ 
0 
0 
:::h 
Control 
+ 
++ 
++-~ 
+ 
+± 
++~ 
+ 
++ 
++4 
* For  the  test  with  the L.  L.  immune  serum,  solutions  containing  only  0.25 
millimol instead of 1 milllmol of the substances in 10 cc. were added. 
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upon as units, each having an influence on the serological reactions. 
Since the cross-reactions were  stronger when the terminal groupings 
were the same than in the other two instances in which the amino acids 
next to the end were identical, it seems that the amino acids carrying 
the free carboxyl are the more significant, which agrees with previous 
results (8) pointing to a predominant influence of acid groups.  The 
fact that both components of the dipeptide have a distinct influence 
on the reactions recalls observations by Balls and K6hler who found 
an analogous condition in the splitting of peptides by dipeptidase (9) 
and  carboxypolypeptidase (10).  On the basis of their results and in 
accordance with similar theoretical assumptions of yon Euler  (11), 
they suppose a double attachment of these ferments; thus dipepfidase 
would combine not only with the free NH~ but also with the NH group 
of dipeptides. 
It remains to be decided whether such an  assumption is valid for 
the reactions under discussion, or whether the explanation is to be 
found in a  modification of the specificity of the binding groups by 
neighboring structures.  Another alternative implying the action of 
several antibodies requires  further  investigation.  It will obviously 
be of interest to extend the present studies to longer peptide chains 
in order to determine if in such compounds as well the replacement of 
one amino acid by another would be detectable.  Mention has already 
been made of the parallel results observed in the inhibition reactions 
and  the precipitin  tests.  The  stronger inhibition by the nitro- or 
aminobenzoyl compounds as compared with the non-acylated dipep- 
tides is in accordance with previous observations (12) on immune sera 
specific for antigens prepared with diazotized para-aminotartranilic 
acid.  The reactions of these immune sera were much more markedly 
inhibited by nitro- and aminotartranilic acid  than by tartaric  acid. 
As an explanation it has been suggested that the antibody combines 
not only with the tartaric acid radical but, by virtue of another bind- 
ing group, also with the aromatic part of the inhibitory substances. 
Although this assumption may be valid and may apply also to the 
present case, there are factors other than the structural correspondence 
which influence the reactions.  _This is seen from the observation that 
chloroacetyl-glycine  and  chloroacetyl-d,l-leucine  are  more  active 
than glycyl-glycine and  glycyl-d,/-leucine, respectively, in  inhibition 796  SEROLOGICAL SPECIFICITY OF PEPTIDES 
tests made with the G.G. and G.L. immune sera.  These results show 
that the inhibitory effect of the amino acid is enhanced by the intro- 
duction of an acyl group which is probably due to an increase in the 
acidity  of  the  binding groups.  A  similar  view  was  expressed by 
Waldschmidt-Leitz on the action of carboxypolypeptidase on chloro- 
acetyl-tyrosine in comparison with glycyl-tyrosine (13).  The ques- 
tions raised invite further investigation.  Other lines along which a 
continuation of the present experiments seems desirable, are the ex- 
amination of peptides built up from a greater choice of amino acids, 
the use of optically active amino acids and of peptides with free amino 
groups or with esterified carboxyl groups. 
SUMMARY 
With the idea that studies on the serological properties of peptides 
may ultimately aid in the understanding of the precipitin reactions 
of proteins, antigens have been prepared containing aminobenzoylated 
dipeptides,  namely glycyl-glycine, glycyl-d, l-leucine, d, l-leucyl-gly- 
cine and d, l-leucyl-d,/-leucine.  These four antigens were found to 
be different serologically, their specificity depending on the structure 
of the  terminal amino acid carrying  the  free  carboxyl  group, and 
to a  less degree also  on the second amino acid.  The results  were 
obtained by means of precipitin and inhibition tests.  Analogies to 
observations on enzyme specificity are discussed. 
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